Aim: To assess whether or not childhood overweight is associated with lower levels of compliance during orthodontic therapy with removable appliances. Materials and methods: Starting in 2011, all upper expansion plates and Sander II appliances were equipped with a Theramon® microsensor chip to assess appliance wear time objectively. According to their pre-treatment, BMI normal weight patients were matched to consecutively treated overweight or obese patients by gender, age, and appliance type. Cooperation was assessed with microelectronic wear time documentation over a period of at least 6 months. Results: A total of 50 patients (25 overweight, 25 normal weight) with upper expansion plates and 64 patients (32 overweight, 32 normal weight) with Sander II appliances were analysed. Spearman Rho coefficients showed an indirect association between BMI and appliance wear time, indicating that the higher the BMI, the less the patients wore their appliances (P < 0.05). Furthermore, both normal-and overweight children wore upper expansion plates significantly more than Sander II appliances (P < 0.05). Although no gender-specific difference was found (P = 0.723), an age-related correlation could be verified, indicating a decrease in wear time with increasing age (P < 0.05).
Introduction
The prevalence of obesity has increased globally over the last decades and is today a major health concern not only for adults but also for children and adolescents (1) (2) (3) (4) . According to the 2015 report of the World Health Organization (5) , an alarming number of 42 million children under the age of 5 was affected by overweight or obesity. Especially in high-income countries, children with a lower socioeconomic and/or migration background are at particular risk of becoming obese (6) (7) (8) . In general medicine, childhood obesity is a major issue, and these children receive special attention because of their higher risk for comorbidities, such as type II diabetes, cardiovascular problems, and obstructive sleep apnea (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . These general medical problems are a significant economic burden for public health systems, and much effort is being made to control them, as the estimates of childhood obesity and comorbidities are terrifying for the future (20, 21) .
Concerning oral health, some evidence exists that there might be an association between overweight and an increased risk for caries (22) (23) (24) or periodontal problems (25, 26) adolescents. Two papers addressing the influence of childhood overweight on orthodontic treatment success found that overweight children did not cooperate as well during orthodontic therapy and developed more white spot lesions than their normal-weight peers (27, 28) . However, these were retrospective evaluations of patient files, which bear a certain risk for bias.
in children and
Therefore, it was the aim of this prospective study to objectively quantify the compliance of orthodontic patients undergoing treatment with removable appliances and to compare the wear times of normal-and overweight patients. The null hypothesis was that there are no differences between normal-and overweight children concerning the wear time of removable orthodontic appliances.
Material and methods
After having found a reduced cooperation of overweight orthodontic patients on the basis of patient files in retrospective studies (28, 29) , it was the aim to now analyse compliance as objectively as possible. Thus, starting in 2011, all upper expansion plates and Sander II appliances of patients treated in a private orthodontic office were equipped with thermosensitive microsensors (TheraMon®) to assess appliance wear time objectively. The chips are designed to run over a period of 700 days. During this time period, the temperature is measured every 15 minutes and recorded on the chip. At each appointment, the data are transferred electronically to the analysis computer (TheraMon® software, 2.1.0.13; Handelsagentur Gschladt) and the daily wear time, as well as the median wear time over the evaluation period and wear time graphs are displayed. All patients were instructed to wear their appliances for 15 hours per day. The body mass index (BMI) of all patients was calculated based on the pretreatment weight and height data and patients were classified as normal weight (normal BMI), overweight, or obese (BMI > 90th percentile; WHO classification) (29). According to their pre-treatment BMI, normal-weight patients were matched to consecutively treated overweight or obese patients by gender, age, and appliance type. Cooperation was assessed with microelectronic wear time documentation over a period of 6 months. Patients with mental and/or physical disabilities or systemic diseases were not included in the study.
Statistical methods
Statistical evaluation was performed with IBM SPSS Statistics 22 (SPSS, Inc., an IBM Company, Chicago, IL). To test for the distribution of variables, Kolmogorov-Smirnov tests were applied, which revealed that the data were not distributed normally. Therefore, for further statistical analysis, non-parametric methods were applied. To test for a correlation between the BMI and appliance wear time as well as between age and wear time, Kruskal-Wallis tests and Spearman Rho correlations were calculated. The influence of the gender or appliance type on wear time was assessed using MannWhitney U-tests.
Results
A total of 50 patients (25 overweight, 25 normal weight) with upper expansion plates and 64 patients (32 overweight, 32 normal weight) with Sander II appliances ( Figure 1 ) were analysed. The median age of the patients treated with upper expansion plates was slightly lower (10.4 ± 2.08 years) than that of patients treated with Sander II appliances (11.6 ± 3.22 years). Both normal-and overweight children wore upper expansion plates significantly more (9.6 ± 2.5 hours) than Sander II appliances (8.7 ± 2.4 hours; p<0.05; Figure 2 ). In the median, girls wore their appliances 8.99 ± 2.5 hours per day and boys 8.98 hours ± 2.6, with no statistically significant gender differences (P = 0.723; Figure 3 ). An age-related correlation, however, could be verified, indicating a decrease in wear time with increasing age (r = −0.330; P < 0.05; Figure 4 ). Spearman Rho coefficients showed an indirect association between BMI and appliance wear time, indicating that the higher the BMI, the less the patients wore their appliances (r = −0.267; P < 0.05; Figure 5 ). A possible confounder that needs to be regarded might be the manipulation of the microsensor by the patient. In cases of too consistent temperatures over a longer time period, the practitioner is notified about possible manipulation attempts (i.e. placing the appliance on the heater and in water bath). In the detailed analysis of the 'manipulation warnings' in the present subject sample, all cases of long consistent temperatures were in the middle of the night. This, in a patient cohort of children and young adolescents, is most likely not due to manipulation but rather due to a profound sleep and was therefore not considered further.
Discussion
The fact that upper expansion plates were worn more than Sander II appliances is not surprising, as they are less disturbing since they affect only the maxilla whereas the mandible remains untouched. In a similar study setting, Schott et al. (30) could not find a difference in mean wear time between upper Hawley plates and functional appliances, although it must be stated that these were used as retention devices and required a lower wear time (median 7.0 hours) than in active orthodontic treatment. Although female patients tended to wear their appliances more than males, this was not verified statistically. This is in contrast to various compliance studies, where girls were found to be more cooperative during orthodontic treatment than boys (30) (31) (32) (33) (34) (35) . A possible explanation for this difference could be the relatively short observation period of 6 months in the present study. It could be speculated that as patient motivation decreased with time, girls stay motivated longer and possible gender-specific differences are not evident yet after a time period of only 6 months. Furthermore, since the patients knew they were being monitored with the Theramon® chip, a certain 'Hawthorne' effect has to be considered. In the present patient sample, younger patients wore their appliances more than older patients. This finding is not surprising and in accordance with many other studies in the literature (30) (31) (32) (36) (37) (38) .
Although upper expansion plates were worn more than Sander II appliances, it was considered acceptable to pool the data when analysing the effect of the BMI because the groups were well-matched and an equal number of normal-and overweight children were in both appliance groups. In a pilot study comparing the compliance between normal-and overweight children during orthodontic treatment with removable appliances, no intergroup differences were found (39) . However, here no matching was not performed, resulting in uneven group sizes and features. As cooperation during orthodontic therapy might be influenced by numerous factors, such as patient age, gender, or appliance type, matching was performed according to exactly these factors in the present study. Doing so, it was attempted to have the BMI as the major difference between the groups. A decrease in appliance wear time was observed with increasing BMI, but the reason for this is not clear. Of course, it would have been nice to have the sociodemographic data of the patients available, as an increased BMI is a particular problem in children with migration or lower socioeconomic background (6-8, 40, 41) . These data, however, were unfortunately not collected. Consequently, it remains unclear whether or not the problem of less appliance wear is directly related to the BMI or might be due to the socioeconomic background of the children, although this possible influence is discussed controversially. From other areas of medicine, it is described that the problem of medication non-adherence is a particular problem among low-income patients or those with a lower educational level or minority status (42) (43) (44) (45) (46) (47) . For an orthodontic patient cohort where the compliance wearing removable retention appliances was analysed (48), no effect of the social background was found. However, in this study, compliance was measured indirectly (self-reported by the patient) and thus has to be interpreted with care. Another study analysing factors affecting patients' adherence to orthodontic appointments found a strong correlation between the insurance type and compliance, indicating that patients with a Medicaid insurance were more likely to miss their appointments than patients with a higher socioeconomic background (49) . Similar observations are described by Badhri et al. (50) who, in a systematic literature review, analysed factors affecting children's adherence to regular dental appointments. The authors found a lower parents' education and socioeconomic status among those factors which correlated with non-adherence (50) . A retrospective comparison between Medicaid and Non-Medicaid orthodontic patients, however, found no differences between the two groups concerning file entries on failed or late appointments, number of appliance breakages, or negative file entries concerning compliance (51) . Thus, it remains unanswered, whether or not the socioeconomic background can explain the reduced appliance wear time.
On the other hand, there is plenty of evidence from personality studies that overweight children and adolescents are less compliant (52) than their normal-weight peers, irrespective of socioeconomic background. Furthermore, it has to be considered that overweight children are at a higher risk for teasing, bullying, and social isolation (52-57) and thus generally are less self-confident (52, (58) (59) (60) . The chance that they might not wear their orthodontic appliance to prevent more teasing appears natural. In a systematic literature review, Rakin et al. (60) analysed the psychological consequences of childhood obesity and found a significantly reduced self-esteem and health-related quality of life among overweight and obese adolescents which get worse with increasing age. Additionally, overweight adolescents are more likely to have attention-deficit/hyperactivity disorder (ADHD) symptoms (61) (62) (63) , which also could play a role in their attitude towards orthodontic treatment, as it has been reported that ADHD children have more oral health-related problems than healthy individuals (64) (65) (66) (67) (68) (69) .
Irrespective of social or psychological factors, the null hypothesis had to be rejected, since significant differences in wear times were evident between normal-and overweight children during their first 6 months of removable appliance therapy.
Conclusion
Within the limits of this study, it can be said that children with an increased BMI have a higher risk of not cooperating as well during orthodontic treatment with removable appliances as their normal-weight peers.
For future research, it would be interesting to analyse the effect of the socioeconomic background because on the basis of the present data, it remains unclear whether or not the difference in compliance was due to the overweight or obesity per se or merely due to social inequalities within the patient cohort.
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